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37
Cell surface sensors for disease and detection of infection have direct access to the 38 sensing target, in contrast to approached that detect intracellular proteins, nucleic acids, or other 39 markers buried inside the cells. This ready access has the potential to provide rapid sensing with 40 minimal processing. The rich environment presented by the cell exterior also gives cell surface 41 sensors the capability to read out the phenotypes of cells, a property that is the final outcome of 42 multiple factors including both genetic and epigenetic variations. 1 For example, in the case of 43 cancer, abnormal cells have been found to overexpress specific glycosylated proteins at their 44 plasma membrane such as epithelial cell adhesion molecule (EpCAM) or carcinoembryonic 45 antigen (CEA). [2] [3] [4] Therefore, targeting cell surface phenotype provides a strategy for simple, 46 rapid, and robust diagnostic pathways in diverse areas such as cancer and pathogenic bacteria. 47 48 Three integrated components are necessary to fabricate an effective sensor: (1) a 49 recognition element to interact with a target analyte, (2) a signal transduction element to generate 50 a measurable signal from an analyte-receptor binding event, and (3) a device that outputs a result.
51
Metallic nanoparticles (NPs) can be easily engineered to provide scaffolds for recognition 52 processes, with their physical properties facilitating the transduction process, making them 53 excellent platforms for cell surface sensing. 5, 6 54 55
In this review, we will focus on the use of metallic NPs for the detection and 56 quantification of cell properties, based on cell surface components. We will discuss examples of 57 different engineered metallic NP systems 7 , 8 that provide cell sensing through specific and 58 selective interactions with the cell surfaces. 
Cell surface and nanoparticle interactions 61
Enormous cell surface diversity exists among cells from plants, bacteria, and animals.
62
The surface of a mammalian cell is composed of a complex structure featuring the lipid bilayer,
63
proteins, nucleic acids as well as a range of polysaccharide structures that comprise the 64 glycocalyx. 9 This glycocalyx is composed of glycoproteins, proteoglycans and glycolipids. 10 array of biomolecules that comprise cell surfaces make them excellent targets for both specific 68 biomarker sensing and selective "chemical nose" based methods. functionalization of antibody on the particle without interfering with the Raman response ( Figure   108 1). In a similar study, SERS-based systems were further employed for in vivo tumor targeting.
109
Poly(ethylene glycol)-capped AuNPs were used to stabilize Raman-active reporter molecules.
110
The SERS-NPs were conjugated with antibodies specifically targeting the overexpressed In a recent study, Liu and coworkers designed a sensitive electrochemiluminescence 25 
146
(ECL)-based biosensor using a displacement assay that relies on the interaction between NP-147 bound lectins and carbohydrates on the cell surface ( Figure 3 ). 26 In this system, a gold electrode The recognition capabilities of aptamers can be combined with the spectroscopic 176 advantages of AuNPs for cell detection applications. AuNPs possess strong distance dependent 177 optical properties due to surface plasmon resonance. 28 The aggregation of aptamer-conjugated
178
AuNPs causes a shift in their absorption spectra, resulting in a change in their scattering profile 179 and color from red to blue/purple. 29 This colorimetric sensing method has been applied using coworkers have applied in cell surface-based sensing. 32 They designed a "turn-on" system for DNAzymes can also be used for signal amplification by behaving as peroxidase mimics.
233
For example, it has been found that when one certain DNA sequence binds with hemin,
234
DNAzyme can be formed with G-quadruplex motifs. providing a process reminiscent of mammalian olfaction. 37 This mechanistic similarity is why to discriminate a series of cell lines (Figure 8 ). 42 The sensor was comprised of three NP types sensitivity of "chemical nose"-based sensor. 43 Moreover, in a subsequent study, AuNP-GFP 302 constructs were used to discriminate site specific metastases and healthy state using cell lysates 303 as well as tissue lysates, providing a promising strategy for medical diagnosis. In an analogous study, a swallowtail substituted carboxylate PPE (Sw-CO 2 ) was used as a 319 transducer for AuNP-polymer sensor. 45 This array-based system comprised of amine (Figure 9 ). 46 The dual channel fluorescence response obtained from the QD- The sensing system generated differential quenching and provided distinct patterns to discern sensor that classifies the mechanism of chemotherapeutic drugs in minutes. 49 This sensor 
